. (1972). Archives of Disease in Childhood, 47, 652. Cellular development of some human organs before birth. The total amount of DNA and the protein/DNA ratio have been measured in the kidneys, heart, liver, and gastrocnemius muscles of 56 human fetuses and newborn infants of 13-42 weeks' gestational age. The total amount of DNA in each organ approximately doubled every week up to the 25th; thereafter the rate of increase was slower. The protein/DNA ratio in each organ increased rapidly in the last 10 weeks of intrauterine life. Before 30 weeks there was some increase in the protein/DNA ratio in the kidneys, heart, and gastrocnemius muscles, but no significant change in the liver. In 5 small-for-dates infants the protein/DNA ratio was normal, whereas the total DNA tended to be low.
The cellular growth of the brain of the human fetus (Winick, 1968; Dobbing and Sands, 1970; Dobbing, 1970) , and of the placenta (Winick, Coscia, and Noble, 1967) , have been investigated systematically by chemical means, but other organs have been neglected. This paper reports observations on the growth of the human kidneys, heart, liver, and gastrocnemius muscles before birth. Total DNA was used as an index of the number of cells in the internal organs and the protein/DNA ratio as an index of the mean cell size. The quantity of DNA was taken to indicate the number of nuclei in the gastrocnemii, and the protein/DNA ratio the relation between cytoplasm and nucleus.
Materials and Methods
Organs from 28 fetuses delivered by hysterotomy for the therapeutic termination of pregnancy, and from 28 fresh stillborn and livebom infants who died within the first week of life were collected. All the fetuses were normal on clinical judgment. Infants with major congenital abnormalities or rhesus incompatability were excluded. Five of the liveborn infants were small for their gestational age, and this was presumably due to nutritional deprivation before birth. Specimens were also collected from 5 adults, 2 men and 3 women, aged 39 to 75 years, for comparison.
The kidneys, heart, liver, and gastrocnemii were collected within one hour of death from the fetuses, weighed to the nearest mg, wrapped in plastic film ('Snapwrap'), frozen in liquid nitrogen, and stored at -20°C until analysed. The same organs were collected from the liveborn infants and adults at necropsy (which was usually performed within 24 hours of death), weighed, and portions were then treated similarly.
The frozen organs were reweighed and were then thawed sufficiently to be homogenized, but the gastrocnemii were ground to a powder in liquid nitrogen. Portions of all the thawed, homogenized tissues were taken for determination of protein and DNA. Protein was precipitated from one sample with 10%/ trichloroacetic acid, and nitrogen was determined on the precipitate by the micro-Kjeldahl method (Chibnall, Rees, and Williams, 1943) . DNA was extracted by a modification of the method of Zamenhof et al. (1964) using 10% trichloroacetic acid at the final stage and a temperature of 90°C for liver and 70°C for other tissues. The final determination was made as described by Burton (1956) .
Results
Fig . 1-4 show the total DNA and the protein/ DNA ratios (mg protein/mg DNA) in the gastrocnemii, kidneys, heart, and liver plotted against gestational age. A semilogarithmic plot to the base 2 was used for the total DNA, since this was considered to be the best way of expressing the numbers of dividing cells. The amount of DNA in the muscles and internal organs approximately doubled each week between the 14th and 25th week of gestational age. Thereafter the rate of increase became slower and the range of total (Epstein, 19 protein/DNA ratio may still be changes in mean cell size. The fe Dobbing, and Sands, 1970; Dobbing, 1970;  in this study as Winick et al., 1967; Winick and Noble, 1966) . and the average Earlier studies had shown that about 90% of the ty of this approach protein in heart and muscle was intracellular at all viously (Problems ages Widdowiod, 1970) . Poly-son and , and almost 100% in liver hepatocytes at all and kidney.
r, that the amount Despite these reservations the present study has roportional to the clearly demonstrated two types of cellular growth 167), so that the in the kidney, heart, and liver of the human fetus, a valid index of which are separated to some extent in time. Between tal liver, however, the 14th and 25th weeks of intrauterine life the cells in all three organs were dividing rapidly and at a similar rate. In the last 10 weeks there was a rapid growth in cell size. At this time the cells were still dividing, but more slowly, and at term all three organs had still got less than 200% of the number of cells characteristic of the adult. The cells of the kidney and liver, however, had almost achieved their final size, while those of the heart were approximately half as large as adult cells.
The rate of increase in DNA in the gastrocnemius muscles between the 14th and 25th weeks of gestation was similar to that in the internal organs and, as in them, the rate fell off towards term as the protein/DNA ratio began to increase more rapidly. Even at term, however, the amount of cytoplasm associated with each nucleus was only 60% of that in the muscles of the adult.
The small-for-dates infants had no deficit in the size of cells in the kidney, heart, and liver, but in each case the number of cells was in the lower part of the normal range. The same was true of the number of nuclei in the gastrocnemii. Similar observations have been made in experimental work on animals (Winick and Noble, 1966; Widdowson, 1971) . If the results of animal work can be extrapolated to man, then it is probable that if there is a ceullar deficit resulting from malnutrition in utero this cannot be corrected postnatally. 
